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ABSTRACT
Three populations of Polymesoda erosa collected from the west coast of Peninsular 
Malaysia were analyzed for heavy metals. Their soft tissues were dissected into muscle, 
foot, mantle, gill and remaining soft tissues (remainder). Overall metal concentrations (μg/g 
dry weight) in five soft tissues of the three clam populations were Cd (0.25-2.86), Cu (1.80-
21.0), Ni (0.66-30.0), Pb (0.94-7.09), and Zn (79.2-365), and these were Cd (3.64-7.07), Cu 
(2.37-3.29), Ni (26.2-30.0), Pb (58.8-61.6), and Zn (3.84-8.78) for the shell ranges. Among 
the three Polymesoda populations, gill was found to have accumulated higher Cu and Zn 
concentrations compared to other soft tissues, whereas shell was found to have high levels of 
non-essential Cd, Pb and Ni. Information on heavy metals obtained in this study could serve 
as baseline data for this particular species since the information is lacking in the literature. 
The present study has evidently shown that different soft tissues of P. erosa are potential 
biomonitoring for Cd, Cu, Ni and Zn, whereas the clam shell as a potential biomonitoring 
material for Pb based on: (1) positive results based on biota-sediment accumulation factors 
(BSAF) (being macroconcentrators), (2) positive and significant correlations of metals 
between all five soft tissues (foot, gill, mantle, muscle and remainder) and the sedimentary 
geochemical fractions and total metal concentrations, and (3) comparisons to two similar 
burrowing bivalves (Donax faba and Gelonia expansa). Regardless of some metals in 
edible soft tissues having exceeded the food safety permissible limits, the concentrations 
of Cd, Cu, Ni and Zn in the soluble fractions 
(which is more bioavailable to consumers) 
of all the five edible soft tissues of P. erosa 
are below all the permissible metal limits. 
Therefore, these estimations clearly showed 
that the consumption of P. erosa could pose 
no toxicological risks to consumers.
Yap, C. K., Edward, F. B. and Tan, S. G.
20 Pertanika J. Trop. Agric. Sci. 37 (1) 19 - 38 (2014)
Keywords: Metal distribution, bivalves, biomonitoring
INTRODUCTION
Elevated concentrations of heavy metals 
have been recorded in intertidal areas all 
over the world, which often reflect long-
term pollution caused by human activities 
(Hedouin et al., 2009; Sakellari et al., 
2013; Zhao et al., 2013). High degrees of 
industrialization and urbanization have led 
to strong risks of heavy metal contamination 
in the intertidal environment, particularly 
mangrove ecosystems in tropical countries 
(Lewis et al., 2011; Wang et al., 2013).
As a part of our continual biomonitoring 
effort following Mussel Watch in Malaysia 
(Yap, 2012) to assure that the pollution 
levels are controlled, this study focused on 
Polymesoda erosa (Corbicilidea family) 
which is a burrowing bivalve compared to 
the well-studied suspension-feeder green-
lipped mussel Perna viridis. From the 
literature, this clam species is known to 
be hardy since they experience low pH, as 
indicated by the shape of the shells, which 
are badly eroded by acid mangal sediment 
(Morton, 1976). This clam species inhabits 
mangrove mudflats, which are under the 
constant influence of varying environmental 
stresses such as broad salinity range (7-22 
ppt) (Ingole et al., 1994) and it has been 
reported to possess high bioaccumulation 
capacity of heavy metals from ambient 
water (Modassir, 2000). Economically, it 
is an important, large and fleshy bivalve 
which can usually grow to marketable shell 
sizes ranging from 6 to 11 cm in length 
(Gimin et al., 2004). In general, clams 
are good biomonitor of metal pollution 
(see Tarique et al., 2013). Therefore, the 
above review generally supports the use 
of P. erosa as a potential biomonitor, 
besides being sedentary, long-lived, widely 
distributed in the mangrove area and the 
metal concentrations found in the soft 
tissues of bivalves can provide a time-
integrated measurement of bioavailability 
of metals in the coastal waters (Phillips & 
Rainbow, 1993; Rainbow, 1995; Yap et al., 
2006).
The objectives of the present study 
were to: 1) provide concentrations of heavy 
metals in the different tissues of P. erosa 
from Malaysia; 2) assess its potential as a 
biomonitor for heavy metals; and 3) check 
whether the metal levels in the edible tissues 
of P. erosa exceeded some of the food safety 
permissible limits based on the total metals 
(total fractions) and soluble fractions in the 
edible soft tissues of the clams.
MATERIALS AND METHODS
About 25-30 of the bivalve P. erosa 
individuals from Telok Mas (Malacca), Sg. 
Sepang Kecil (Selangor) and Parit Jawa 
(Johore) (Fig.1), Peninsular Malaysia, 
were used for the metal analysis. However, 
surface sediment was only collected from 
the sampling site at Sg. Sepang Kecil due 
to the fact that the other two sites were 
actually bought from roadside stalls. In 
order to compare with the same burrowing 
bivalves, two different bivalves species, 
namely, Donax faba and Gelonia expansa, 
were collected from Pasir Panjang (Negeri 
Sembilan) and Kg. Pasir Puteh (Johore) 
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(Fig.1), respectively, together with their 
habitat surface sediments. All the samples 
were collected between 28 and 30 April 
2006. The identification of the bivalves was 
based on the book by Malaysia Fisheries 
Directory (2005) issued by the Department 
of Fisheries Malaysia. All bivalves were 
measured for shell lengths, shell heights, 
shell widths, total soft tissues wet weight, 
total soft tissues dry weight, condition index 
(CI) and water contents, and their values are 
presented in Table 1.
All the bivalve populations were 
dissected, divided and pooled into muscle, 
foot, mantle, gill and remaining soft tissues 
(remainder). The sediments, shells, and 
all the five different pooled categories of 
bivalve soft tissues were dried at 60°C in 
an oven to constant dry weights. Later, 
the dried sediments were grinded by using 
pestle and mortar, and sifted through a 63 
µm stainless steel aperture.
Geochemical fractions of Cd, Cu, Ni, 
Pb and Zn in the sediments were obtained 
by using the modified sequential extraction 
technique (SET), as described by Badri and 
Aston (1983). Two replicates (N= 2) were 
obtained from the sieved main sample. The 
four fractions used in the present study were 
easily, freely, leachable or exchangeable 
(EFLE), acid-reducible (AR), oxidisable-
organic (OO) and resistant fractions.
Triplicates of each dried category of the 
bivalve tissues were digested in concentrated 
HNO3 (Analar grade, BDH 69%). The 
resistant fractions of the SET were digested 
in a combination of concentrated nitric acid 
(69%) and perchloric acid (60%) (ratio 4:1), 
as in the direct aqua-regia method. They 
were first placed in a hot-block digester first 
 
Fig.1: Map showing all the sampling sites of bivalves in Peninsular Malaysia. Note: 1= Sg. Sepang Kecil;  
2= Pasir Panjang; 3= Telok Mas; 4= Parit Jawa; 5= Kg. Pasir Puteh.
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at a low temperature for 1 hour and then 
fully digested at a high temperature (140°C) 
for at least 3 hours (Yap et al., 2003a).
The digested samples were diluted to 
40 mL with double-distilled water. After 
filtration, the concentrations of Cd, Cu, 
Ni, Pb and Zn were determined by using 
an air-acetylene flame atomic absorption 
spectrophotometer (AAS) Perkin-Elmer 
Model AAnalyst 800. All data are presented 
in µg/g dry weight.
In order to see the difference of metal 
bioaccumulation between two different size 
groups of P. erosa, the clams of a single 
population was divided into two groups 
of shell lengths: 60.0-66.1mm and 50.0-
57.8mm. Total soft tissues of the two size 
groups were analyzed similarly for the five 
metals described previously.
In order to estimate the metal portion 
soluble or to make it more available to 
consumers, the soluble and insoluble metal 
fractions in the different soft tissues of the 
three P. erosa populations were determined, 
whereby the two fractions were separated 
by using a modified method as described by 
Bragigand et al. (2004). Ground dried soft 
tissues (0.5 g) were homogenized with 2mL 
of Ultra-turrax in a TRIS buffer solution 
20nM, NaCl 150 mM, pH 8.6, at 4°C, 
based on 4 mL/g fresh weight, as suggested 
by Bragigand et al. (2004). The soluble 
and insoluble fractions were separated by 
centrifugation (25 rpm for 55 min). After 
centrifugation, S fraction was analyzed 
using AAS. The insoluble fraction was 
further digested with 2.5 mL of nitric acid 
(HNO3) (1 mL of HNO3 per 0.2 g of I). After 
digestion, acid solutions were made up to 
10 mL with double distilled water (DDW), 
before being analyzed similarly for the five 
metals described previously.
To avoid possible contamination, all 
glassware and equipment used were acid-
washed. Procedural blanks and quality 
control samples made from standard 
solutions for Cd, Cu, Ni, Pb and Zn were 
analyzed after every 5-10 samples in order 
to check for sample accuracy. Besides, 
the analytical procedures for the bivalves 
and soils were checked with the Certified 
Reference Material (CRM) for dogfish 
liver (DOLT-3, National Research Council 
Canada) and soil (International Atomic 
Energy Agency, Soil-5, Vienna, Austria). 
The recoveries of all the metals were 
satisfactory (see Table 2).
In this study, CI of the bivalves was 
determined because it is an indicator of the 
bivalve’s physiological state and also as a 
guide to the bivalve’s metabolic response 
to environmental stress (Yap et al., 2002a). 
The CI (g/cm3) value was calculated as the 
quotient of the total soft tissue dry weight 
for each bivalve and the shell volume (shell 
width [cm] × shell length [cm] × shell height 
[cm]) for each bivalve, multiplied by a 
constant, namely, 1000 (Lares & Orian, 
1997; Yap et al., 2003b). The formula is as 
follows:
3
total soft tissue dry weight (g) 1000
Shell volume (cm )
×
In order to estimate the distribution 
of metals occurred between the different 
tissues of bivalves and in associated 
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sediment, biota-sediment accumulation 
factors (BSAF) was calculated (based on a 
formula by Szefer et al., 1999; see below) 
for the five metals in the P. erosa from Sg. 
Sepang Kecil, D. faba and G. expansa, 
where their habitat surface sediments were 
collected and these three bivalves species 
are burrowers.
CBSAF
C
x
s
=
Where Cx and Cs are the mean metal 
concentrations in the different tissues of 
bivalves and non-resistant fractions in the 
habitat surface sediment, respectively. In 
the present study, the non-resistant fractions 
(summation of EFLE, AR and OO) were 
used as sediment metal value in the BSAF 
calculation because the non-resistant is more 
related to its bioavailability characteristic to 
the living organisms and of anthropogenic 
sources (Yap & Wong, 2011).
For statistical analyses, comparison of 
metal levels of any two different size groups 
was performed by using t-test. On the other 
hand, Analysis of Variance (ANOVA) was 
applied to test the differences between the 
mean values of the metal concentrations 
with the subsequent comparison between 
individual means using Student-Newman-
Kuels (S-N-K) multiple comparison test 
(Zar, 1999). The relationships between the 
different parts and sediment were tested 
using Pearson’s correlation coefficient based 
on the concentrations of Cd, Cu, Ni, Pb and 
Zn. The correlation analysis was carried out 
by using log transformed data (Leung et 
al., 2005). All the above statistical analyses 
were performed by using SPSS version 12.
RESULTS AND DISCUSSION
The mean values of condition index 
(CI), water contents and other allometric 
parameters of P. erosa are shown in Table 
1. The CI of the clams collected from Sg. 
Sepang Kecil, Parit Jawa and Telok Mas, 
was 6.57 ± 0.261 g/cm3, 15.3 ± 1.14 g/cm3 
and 13.6 ± 0.50 g/cm3, respectively. The 
percentages of water content were 85.6 ± 
0.39%, 84.4 ± 1.11% and 86.0 ± 0.62% for 
Sg. Sepang Kecil, Parit Jawa and Telok Mas, 
respectively, and these are within the ranges 
reported for the oyster species [72.5-90.0%] 
(Watling & Watling, 1976), the blue mussel 
Mytilus edulis [85.8%] and Perna viridis 
[81.8-85.4%] (Yap et al., 2003b).
i) Metal concentrations in the different 
tissues of bivalves
Heavy metal concentrations in the different 
tissues of P. erosa are shown in Table 3. 
The overall metal concentrations (μg/g dry 
weight) in the five soft tissues (foot, gill, 
mantle, muscle and remaining soft tissues) 
of three Polymesoda populations are Cd 
(0.25-2.86), Cu (1.80-21.0), Ni (0.66-30.0), 
Pb (0.94-7.09), and Zn (79.2-365), while 
for the shell ranges are Cd (3.64-7.07), Cu 
(2.37-3.29), Ni (26.2-30.0), Pb (58.8-61.6), 
and Zn (3.84-8.78).
When compared to soft tissues of P. 
erosa, the metal ranges (μg/g dry weight) 
for the two other burrowing bivalve species 
(D. faba and G. expansa) are broader and 
higher in Cd (0.30-3.92), Cu (4.71-79.8), Pb 
(0.95-39.7), and Zn (28.3-379), but these are 
narrower and lower in Ni (1.58-15.4). When 
compared to shells of P. erosa, the metal 
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TABLE 3 
Concentrations (mean ± standard error, µg/g dry weight) of heavy metals in the different soft tissues 
of three populations of Polymesoda erosa, in comparison to those of Donax faba and Gelonia expansa 
populations
Species Tissues Cd Cu Ni Pb Zn
Polymesoda erosa
Parit Jawa Foot 1.47 ± 0.14ab 3.77 ± 0.28a 7.83 ± 0.45a 2.18 ± 0.66a 92.1 ± 11.4b
Gill 1.46 ± 0.21ab 12.8 ± 0.19c 11.1 ± 0.36b 2.56 ± 0.29a 263 ± 0.75c
Mantle 2.40 ± 0.11c 9.34 ± 0.60b 15.1 ± 0.67c 6.44 ± 0.35b 270 ± 1.14c
Muscle 1.79 ± 0.08b 3.58 ± 0.23a 7.76 ± 0.20a 3.11 ± 0.72a 104 ± 9.88b
Remainder 1.17 ± 0.09a 11.8 ± 0.49c 6.22 ± 0.36a 2.07 ± 0.61a 79.2 ± 4.17b
Shell 7.07 ± 0.22d 3.17 ± 0.36a 28.9 ± 0.40d 61.6 ± 1.67c 6.47 ± 0.16a
Sg. Sepang 
Kecil
Foot 0.48 ± 0.11a 3.36 ± 0.53a 3.98 ± 0.24a 2.10 ± 0.40a 87.5 ± 14.1b
Gill 1.22 ± 0.00bc 21.0 ± 0.00e 23.5 ± 0.00c 4.61 ± 0.00a 349 ± 0.00c
Mantle 1.36 ± 0.00c 13.2 ± 0.00c 12.6 ± 0.00b 4.79 ± 0.00a 365 ± 0.00c
Muscle 0.78 ± 0.10ab 5.76 ± 0.13b 5.28 ± 0.07a 3.41 ± 0.16a 150 ± 9.14b
Remainder 0.73 ± 0.10ab 14.9 ± 0.69d 5.26 ± 0.32a 4.35 ± 0.34a 154 ± 32.4b
Shell 3.64 ± 0.12d 2.37 ± 0.30a 30.0 ± 0.44d 58.8 ± 1.47b 3.84 ± 0.77a
Telok Mas Foot 0.25 ± 0.02a 1.80 ± 0.23a 0.66 ± 0.15a 0.94 ± 0.25a 105 ± 0.53b
Gill 2.86 ± 0.00c 8.81 ± 0.00c 10.7 ± 0.00c 6.51 ± 0.00c 263 ± 0.00d
Mantle 1.64 ± 0.30b 5.82 ± 0.23b 11.8 ± 0.04d 7.09 ± 0.25c 264 ± 2.30d
Muscle 0.70 ± 0.08a 1.86 ± 0.12a 2.61 ± 0.34b 1.89 ± 0.53ab 129 ± 2.27c
Remainder 0.61 ± 0.11a 8.60 ± 0.87c 1.87 ± 0.49ab 3.59 ± 0.62b 138 ± 8.28c
Shell 6.60 ± 0.18d 3.29 ± 0.40a 26.2 ± 0.36e 59.6 ± 0.72d 8.78 ± 1.27a
Donax faba
Pantai Pasir 
Panjang
Foot 3.68 ± 0.14a 5.98 ± 0.39a 1.58 ± 0.09a 2.36 ± 0.08c 38.8 ± 0.66c
Gill 3.92 ± 0.18a 12.9 ± 0.54c 4.76 ± 0.15c 2.09 ± 0.08c 93.4 ± 1.16e
Mantle 2.95 ± 0.14a 6.86 ± 0.10a 3.25 ± 0.58b 1.47 ± 0.10b 46.8 ± 2.29d
Muscle 3.74 ± 0.35a 4.71 ± 0.20a 2.03 ± 0.44ab 2.51 ± 0.13c 28.3 ± 0.81b
Remainder 2.74 ± 0.17a 15.1 ± 1.32d 2.70 ± 0.33ab 0.95 ± 0.16a 42.6 ± 0.45cd
Shell 7.20 ± 0.43b 9.88 ± 0.16b 28.5 ± 0.19d 5.27 ± 0.17d 4.56 ± 0.01a
Gelonia expansa
Kg. Pasir Puteh Foot 0.36 ± 0.09a 79.8 ± 32.6a 9.47 ± 0.18a 19.4 ± 2.53b 124 ± 3.56b
Gill 1.21 ± 0.00b 26.2 ± 0.00a 15.4 ± 0.00c 19.5 ± 0.00b 379 ± 0.00e
Mantle 0.71 ± 0.17ab 61.6 ± 1.92a 11.4 ± 0.05b 39.7 ± 0.93c 275 ± 1.42d
Muscle 0.30 ± 0.03a 7.73 ± 2.67a 10.4 ± 0.65ab 4.53 ± 0.91a 214 ± 7.01c
Remainder 0.59 ± 0.16ab 19.7 ± 0.71a 8.58 ± 0.40a 4.72 ± 1.07a 180 ± 34.6c
Shell 6.99 ± 0.29c 2.80 ± 0.26a 25.0 ± 0.48d 56.9 ± 0.65d 6.67 ± 0.30a
Note: Values sharing similar alphabet are not significant different with others, P > 0.05.
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ranges (μg/g dry weight) for the other two 
burrowing bivalve species are narrower but 
slightly higher in Cd (6.99-7.20), broader, 
and also higher in Cu (2.80-9.88), almost 
within the Ni range (25.0-28.5), broader but 
slightly lower in Pb (5.27-56.6), and within 
the Zn range (4.56-6.67). However, it is 
difficult to assess whether P. erosa is a good 
biomonitor for heavy metals based on the 
above comparisons. The following section 
(ii) on the correlation analysis and BSAF 
values could better assess the potential of 
P. erosa as a biomonitor.
Higher metal concentrations found 
in the different tissues of P. erosa from 
Sg. Sepang Kecil indicated a high metal 
contamination at the sampling site. This 
indication was complemented by the lower 
condition index (CI) values found in the 
Sg. Sepang Kecil samples than two other 
locations. This also suggested that P. erosa 
from Sg. Sepang Kecil could have suffered 
from metal pollution stress, since the 
different tissues of these clam exhibited the 
highest concentrations (µg/g dry weight) 
of Cu in the remainder (14.9 ± 0.69) and 
gill (21.0); and Zn in the mantle (365) 
and gill (349). The negative relationships 
between the bivalves’ CI values and metal 
concentrations in the mussel soft tissues 
have been reported by Yap et al. (2002a). 
Therefore, it is assumed that the higher 
metal levels and lower CI values in P. 
erosa collected from Sg. Sepang Kecil 
have a higher metal bioavailabilities and 
contamination at the sampling site. The 
higher Cu and Zn levels found in some 
tissues of P. erosa collected from Sg. Sepang 
Kecil could be explained by the domination 
of non-resistant fractions of Cu (63.9%; 
Yap et al., 2013) and Zn (55.1%; Yap et al., 
2011) in the surface sediments, indicating 
anthropogenic sources (Yap & Pang, 2011).
F u r t h e r m o r e ,  t h e  h i g h  m e t a l 
concentrations in the clams indicated high 
metal bioavailabilities of metals at the 
sampling site. This is because analysis 
of bivalves can provide measurement of 
the integrated bioavailability of metals in 
coastal environment (Phillips & Rainbow, 
1993; Rainbow, 1995; Silva et al., 2001; 
Rainbow et al., 2002; Yap et al., 2006).
The shells of P. erosa are the best 
accumulators of non-essential Cd, Ni and 
Pb. The shells of P. erosa from Parit Jawa 
exhibited the highest concentrations of Cd 
(7.07 ± 0.216 µg/g dry weight) and Pb (61.6 
± 1.67 µg/g dry weight), indicating Cd and 
Pb of water and sediment as sources of 
these metals in Parit Jawa. The assumption 
could be made because bivalve shells have 
been used quite frequently as biomonitoring 
materials for heavy metals (see Yap et al., 
2003c; Lazaretha et al., 2003; Gillikin et al., 
2005; Protasowicki et al., 2008).
F i g . 2  s h o w s  t h e  h e a v y  m e t a l 
concentrations in the two different size 
groups of bivalve P. erosa. Smaller sized 
groups (50.0-57.8mm) accumulated higher 
concentrations of nonessential Cd, Ni and 
Pb (although not significantly different for 
Cd and Ni; p>0.05) when compared with the 
larger sized groups (60.0-66.1mm). This is 
in accordance with the results reported by 
Gilek et al. (1996) and Yap et al. (2003d) 
that smaller bivalves accumulate greater 
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Fig.2: Comparisons of concentrations (mean ± standard error, μg/g dry weight) of heavy metals [nonessential 
(Cd, Ni and Pb) and essential (Cu and Zn)] between two significant different sized groups (shell lengths: 60.0-
66.1mm and 50.0-57.8mm) of Polymesoda erosa.
concentrations of heavy metal. According 
to Gilek et al. (1996), tissue concentrations 
decreased with increasing body size, 
and the size-dependent dissimilarities in 
bioaccumulation were caused primarily 
by size-related differences in uptake rate. 
However, larger individual accumulated 
more concentrations of Cu and Zn when 
compared with the smaller individuals 
(p<0.05). This could be due to higher 
metabolic rates probably possessed by the 
larger individual may be resulting in higher 
accumulation rates of Cu and Zn, since 
these two metals are essential to the living 
organisms. Also, this could be explained 
by the differences in the accumulation 
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pathways and the processes affecting the 
bioavailability of the nonessential metals 
to P. erosa are dissimilar to essential metals 
(Yap et al., 2003d).
The gill and the remainder of P. erosa 
accumulated higher concentrations of Cu 
when compared to mantle and the other 
soft tissues. Meanwhile, the mantle and 
the gill accumulated higher concentrations 
of Zn than other tissues (Fig.3). The 
metal distribution in the different tissues 
of bivalves could be related to cellular 
processes participated in metal metabolisms 
(Marigómez et al., 2002). For example, the 
higher metal levels found the gills could be 
explained by the gill being a key interface 
for dissolved metal uptake (Marigómez 
et al., 2002). Other explanations are 
differences in affinities of metals to bind 
to metallothionein in the different tissues 
where they incorporated into lysosomes 
and later being eliminated towards the 
circulating hemocytes and blood plasma of 
bivalves (Roesijadi, 1980). The reason for 
this was the high (or low) concentrations of 
metal found in the different tissues could be 
related to the different rates of accumulation 
and excretion of metals due to internal metal 
handling (Gundacker, 1999).
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ii) Assessment of the potential of 
Polymesoda as a biomonitor for heavy 
metals
The potential of P. erosa as a biomonitor of 
the five metals are based on: (1) correlation 
coefficients of heavy metal concentrations 
between the different tissues of three 
burrowing bivalves species and their 
geochemical fractions of surface sediment 
(see Table 4); (2) BSAFs based on the 
different parts of the three bivalves species 
(see Table 5), and (3) comparison to two 
similar burrowing bivalve species (D. faba 
and G. expansa) based on the ground of 
points 1 and 2 above.
BSAF was calculated for all the different 
tissues of bivalves with the assumption 
that the distribution of a metal in the 
environment is controlled by a continuous 
exchange among phrases such sediment 
and molluscs (Hsu et al., 2006). BSAF 
is used to classify the different tissues of 
bivalves as macroconcentrators (BSAF> 
2), microconcentrators (1< BSAF< 2) and 
deconcentrators (BSAF < 1), as proposed 
by Dallinger (1993).
For Polymesoda clams (Table 4), all the 
five soft tissues (foot, gill, mantle, muscle, 
and remainder) positively and significantly 
correlated (R= 0.752-0.997; P< 0.001) with 
AR, OO and SUM, while foot, muscle and 
shell only weakly and positively correlated 
(P< 0.05) with EFLE. From Table 5, all 
the six soft tissues of P. erosa appear to 
be macroconcentrators (> 2.0) for Cd, 
five soft tissues (foot, gill, mantle, muscle 
and remainder) as macroconcentrators 
for Zn, three tissues (gill, mantle and 
remainder) as macroconcentrators for Cu, 
and three tissues (gill, mantle and shell) 
as macroconcentrators for Ni. Only shell 
appears to be macroconcentrator for Pb. 
Since these tissues are also significantly 
correlated with the sedimentary geochemical 
fractions and total metal concentrations, 
therefore, P. erosa is a potential biomonitor 
of Cd, Zn, Cu and Ni.
For D. faba (Table 4), four tissues (foot, 
gill, mantle and muscle) only weakly and 
positively correlated (P< 0.05) with OO, 
resistant and SUM. Only shell strongly 
corrected (R= 0.779; P< 0.001) with 
EFLE. From Table 5, only shells of D. 
faba appear to be macroconcentrator for 
Cd and Ni, three tissues (gill, remainder 
and shell) as macroconcentrators for Cu 
and four tissues (foot, gill, mantle and 
remainder) for Zn. Three tissues are found 
to be microconcentrators (1<BCF<2) 
for Cd and Cu, while only two tissues as 
microconcentrator. Others are found to 
be deconcentrators (BCF < 1). Therefore, 
together with the correlation results in 
Table 4, only the shells of D. faba could be 
evidently shown as potential biomonitoring 
materials for Cd and Ni, while soft tissues 
for Zn and Cu require further studies.
For G. expansa (Table 4), all the five 
soft tissues positively and significantly 
correlated (R= 0.599-0.983; at least P< 
0.05) with all the four fractions (EFLE, AR, 
OO and resistant) and SUM. From Table 5, 
only the shells of G. expansa appear to be 
macroconcentrator for Cd and Pb, while two 
tissues as macroconcentrators for Cu and 
Zn. Gill is found to be microconcentrators 
Yap, C. K., Edward, F. B. and Tan, S. G.
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TABLE 4 
Pearson’s correlation of five metals (Cd, Cu, Ni, Pb and Zn) concentrations between the different tissues of 
three burrowing bivalves species and their geochemical fractions of surface sediment. N= 15.
Species Different parts EFLE AR OO Resistant SUM
Polymesoda erosa Foot 0.524* 0.962** 0.974** 0.431 0.779**
Gill 0.414 0.868** 0.997** 0.406 0.752**
Mantle 0.451 0.929** 0.994** 0.403 0.759**
Muscle 0.529* 0.964** 0.976** 0.457 0.797**
Remainder 0.456 0.908** 0.967** 0.477 0.794**
Shell 0.586* -0.225 -0.312 0.567* 0.272
Donax faba Foot -0.580* -0.246 0.535* 0.577* 0.546*
Gill -0.380 -0.235 0.616* 0.572* 0.558*
Mantle -0.392 -0.206 0.627* 0.564* 0.555*
Muscle -0.553* -0.180 0.573* 0.577* 0.558*
Remainder -0.417 -0.444 0.449 0.463 0.426
Shell 0.779** 0.169 -0.044 -0.389 -0.310
Gelonia expansa Foot 0.639* 0.599* 0.938** 0.877** 0.927**
Gill 0.901** 0.869** 0.868** 0.909** 0.963**
Mantle 0.743** 0.695** 0.957** 0.954** 0.983**
Muscle 0.939** 0.924** 0.744** 0.799** 0.875**
Remainder 0.861** 0.853** 0.795** 0.802** 0.888**
Shell -0.078 -0.174 0.094 0.142 0.049
Note: ** Correlation is significant at the 0.01 level (2-tailed);*  Correlation is significant at the 0.05 level 
(2-tailed); EFLE= Easily, freely, leachable. extractable; AR=Acid-reducible; OO=Organic oxidisable; 
SUM= Summation of EFLE, AR and OO. 
The Polymesoda clams were collected from Sg. Sepang Kecil.
(1<BCF<2) for Cu, and only two tissues 
(gill and shell) as microconcentrator 
for Ni. Only mantle was found to be 
microconcentrator for Pb while three tissues 
(foot, muscle and remainder) were found to 
be microconcentrator for Zn. Others were 
shown to be deconcentrators. Therefore, 
together with the correlation results in Table 
4, only the shells of G. expansa could be 
evidently shown as potential biomonitors 
for Cd and Pb, while soft tissues for Zn and 
Cu; however, further studies are still needed.
Therefore, P. erosa appears to be the 
best biomonitor of heavy metals when 
compared to D. faba and G. expansa. 
Although the findings of the present study 
indicate potentials of P. erosa as a good 
biomonitor of heavy metal pollution, other 
recommended criteria for a good biomonitor 
should be tested, including genetic variations 
of different geographical populations (Yap 
et al., 2002b) and its metal accumulation 
capacity under laboratory experimental 
studies (Yap et al., 2004), before it can be 
used as a valid biomonitor.
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iii) Estimation of metal soluble fractions 
and comparisons with the food 
permissible limits 
The soluble and insoluble fractions (%) of 
essential metals (Cu and Zn) in the different 
edible soft tissues of P. erosa are presented 
in Fig.3, while those of nonessential metals 
(Cd, Ni and Pb) are given in Fig.4. In general, 
the insoluble fractions dominated (> 50%) in 
the five metals investigated. This could be 
due to the fact that the metals were generally 
and strictly bound to metallothionein 
(Viarengo et al., 1985; Roesijadi, 1992). In 
addition, the formation of a metal-thiolate 
complex with the cysteine residues inside 
the lysosomes has caused the slower release 
of heavy metals found in the different edible 
soft tissues (Yap et al., 2003e), which could 
result in high percentages of insoluble 
fractions. Also, the high percentages in the 
insoluble fractions could be due to the soft 
tissues being linked to mineral granules 
(Geffard et al., 2002), which could limit the 
elimination of heavy metals from the edible 
soft tissues.
For the essential Cu and Zn (Fig.3), the 
soluble fractions in all the edible soft tissues 
of P. erosa ranged from 4.40-38.20% (13.11 
± 2.24%) and 0.60-5.10% (2.45 ± 0.36%), 
respectively, whereas for the nonessential 
TABLE 5 
Biota-sediment accumulation factors (BSAF) based on the different parts of bivalves. Calculation of BSAFs 
based on metal concentrations in the different dissected tissues of bivalves and non-resistant fractions in the 
sediment.
Species Different parts Cd Cu Ni Pb Zn
Polymesoda erosa Foot 2.78 1.14 1.21 0.55 3.12
Gill 6.61 6.59 6.56 1.17 12.15
Mantle 7.37 4.42 3.47 1.21 12.85
Muscle 4.33 1.96 1.61 0.89 5.38
Remainder 4.00 5.06 1.60 1.13 5.54
Shell 20.67 0.81 9.10 15.28 0.14
Donax faba Foot 1.23 1.71 0.13 0.25 2.46
Gill 1.16 3.69 0.29 0.24 4.39
Mantle 0.98 1.96 0.27 0.16 2.90
Muscle 1.25 1.35 0.17 0.27 1.80
Remainder 0.91 4.32 0.22 0.10 2.78
Shell 2.40 2.83 2.35 0.56 0.29
Gelonia expansa Foot 0.32 3.36 0.71 0.78 1.01
Gill 0.95 1.07 1.05 0.76 3.05
Mantle 0.62 2.59 0.86 1.59 2.24
Muscle 0.25 0.33 0.78 0.18 1.74
Remainder 0.48 0.83 0.64 0.19 1.47
Shell 5.92 0.12 1.87 2.28 0.05
Note: Polymesoda clams were collected from Sg. Sepang Kecil.
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Cd, Ni and Pb (Fig.4), the soluble fractions 
ranged from 8.40-95.40% (44.76 ± 6.62%), 
12.40-65.30% (29.68 ± 4.58%) and 4.40-
64.40% (15.57 ± 4.25%), respectively. This 
clearly indicated that the essential metals 
have lower percentages of soluble fractions 
when compared to the nonessential metals. 
This indicated that the essential metals 
could be possibly and tightly bound to 
metallothionein and therefore significantly 
higher percentages of insoluble fractions 
of Cu and Zn were found. However, this 
interesting discovery disagrees with the 
finding by Yap et al. (2012) in which they 
found the essential Zn was not tightly 
bound to metallothionein and thus easily 
remobilized (Yap et al., 2012) after boiling. 
Since the finding by Yap et al. (2012) was 
highly supported by previous studies (see 
Phillips, 1985; Yap et al., 2002c), and the 
differences of metal fractionations in both 
studies, the present results need further 
studies in the future.
The estimation of the total quantities 
of metals (total fraction) present in edible 
soft tissues of bivalves will lead to an 
overestimation of the quantities likely to be 
bioavailable to a consumer (Bragigand et 
al., 2004). Therefore, the determination of 
the soluble and insoluble fractions employed 
in the present study was significant. This 
is because the information on the soluble 
fractions in the bivalves is important in order 
to estimate the toxicological risks of the 
bivalves to their consumers. It is assumed 
that the metals present in the soluble fractions 
are more bioavailable to consumers than 
metals bound to insoluble fractions (Wallace 
et al., 2003). Nevertheless, according to 
Bragigand et al. (2004), the physic-chemical 
characteristics of a heavy metal in the 
soft tissues also play a significant role in 
determining the bioavailability of dietary 
metal in the digestive tract of the consumer. 
As suggested by the finding of Geffard 
et al. (2002) in the Crassostrea gigas, 
the higher the level of contamination, the 
more important metal-binding to cytosolic 
ligands for Cd will be. This could explain 
the elevated metal percentages found in 
the soluble fractions of the foot and mantle 
of the bivalves, in which the locations 
of the tissues are more exposed to the 
contaminated external environment.
The levels of Cd, Cu, Pb and Zn found 
in the total and soluble fractions of the 
edible tissues of P. erosa were compared 
with some established food safety guidelines 
or maximum permissible limits set by 
some countries or agencies (Table 6). No 
permissible limits for Ni could be found, 
and therefore, no comparison was made for 
the levels of Ni in the bivalves.
From Table 6, the total fractions of Cd 
and Pb in gill and mantle of P. erosa are both 
below all the permissible limits, except for 
the metal limits set by USEPA (2003) for 
Median International Standards for metals 
in mollusks. However, the total fraction 
of Pb in mantle is slightly higher than that 
by the Ministry of Public Health, Thailand 
(MPHT, 1986). All total fractions of Zn in 
all the five edible soft tissues exceeded the 
metal limits by USEPA (2003). In addition, 
total fractions of gill and mantle also 
exceeded the Maximum permissible levels 
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established by Brazilian Ministry of Health 
(ABIA, 1991). It is good to see that all the 
total fractions of Cu in the different edible 
soft tissues are below all the permissible 
limits. Regardless of some metals in the 
edible soft tissues having exceeded the 
food safety permissible limits, all the four 
metal levels in the soluble fractions of all 
the five edible soft tissues of P. erosa are 
below all the permissible metal limits. 
Therefore, this estimation clearly shows that 
the consumption of P. erosa could pose no 
toxicological risks to the consumers. 
CONCLUSION
From the present study, the metal levels 
found in the different soft tissues and 
shells of three populations of P. erosa 
are important for future reference. Being 
macroconcentrators based on BSAFs, and 
positively and significantly correlations of 
metals between all the five soft tissues (foot, 
TABLE 6 
Comparisons of heavy metal concentrations (µg/g dry weight) in the different edible soft tissues of 
Polymesoda erosa based on total metal concentrations (total fraction) and soluble fractions, with some 
selected food permissible limits (also presented in µg/g dry weight).
Cd Cu Pb Zn
Foot Total fraction 0.25-1.47 1.80-3.77 0.94-2.18 87.5-105
Soluble fraction 0.30-0.49 0.15-1.05 0.87-1.56 0.99-3.16
Gill Total fraction 1.22-2.86 8.81-21.0 2.56-6.51 263-349
Soluble fraction 0.41-0.89 0.35-1.29 0.16-0.88 3.59-3.81
Mantle Total fraction 1.36-2.40 5.82-13.2 4.79-7.09 264-365
Soluble fraction 0.33-0.75 0.72-1.05 0.51-0.86 1.83-3.32
Muscle Total fraction 0.70-1.79 1.86-5.76 1.89-3.41 104-150
Soluble fraction 0.17-0.35 0.33-0.68 0.82-1.01 1.54-3.91
Remainder Total fraction 0.61-1.17 8.60-14.9 2.07-4.35 79.2-154
Soluble fraction 0.08-0.44 0.40-1.27 0.01-1.13 4.23-5.8
1. Permissible limit set by the ministry of 
Public Health, Thailand (MPHT, 1986)
NA 133 6.67 667
2. Australian Legal Requirement  
(NHMRC, 1987)
10.0 350 NA 750
3. Maximum permissible levels established 
by Brazilian Ministry of Health  
(ABIA, 1991)
5.0 150 10 250
4. Food and Drug Administration of the USA 
(USFDA, 1990)
25.0 NA 11.5 NA
5. Median International Standards for metals 
in mollusks compiled by the Food and 
Agricultural Organization of the United 
Nations (USEPA, 2003)
2.00 10-30 1.00-6.00 40-100
Note: NA= Not available.
All the ranges for total and soluble fractions above are based on three populations of P. erosa as shown 
in Table 3 except for soluble fraction of gill which is only based on two populations from Telok Mas and 
Parit Jawa. 
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gill, mantle, muscle and remainder) and 
the sedimentary geochemical fractions and 
total metal concentrations, the different soft 
tissues of P. erosa are potential biomonitoring 
tissues for Cd, Zn, Cu and Ni, while the 
clam shell is a potential biomonitoring 
material for Pb. In comparison to two 
similar burrowing bivalves (D. faba and 
G. expansa), P. erosa was shown to be the 
best biomonitor of heavy metals. Regardless 
of some metals in the edible soft tissues 
having exceeded the food safety permissible 
limits, all the four metal levels in the soluble 
fractions of all the five edible soft tissues 
of P. erosa are below all the permissible 
metal limits. Therefore, these estimations 
clearly showed that the consumption of P. 
erosa could pose no toxicological risks to 
the predators (consumers).
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